1.. Introduction {#s6}
================

Aging of the population is a pressing issue in China. It is estimated that the elderly population will account for 17% of the population by 2020 and 30% of the population by 2050.[@B1] Cognitive functions such as memory,attention,and processing speed significantly decline with age.[@B2],[@B3] From 10 to 15% of the elderly individuals with mild cognitive impairment (MCI) and 1 to 2% of the healthy elderly develop fully blown Alzheimer's disease (AD) annually; so MCI is considered an important risk factor for AD.[@B4] Cognitive functioning reflects the general functionality of the brain,[@B5] so many researchers in the field have focused on structural changes of the hippocampus because of its critical role in learning, memory, and spatial navigation.[@B6],[@B7],[@B8]. For example, in a ten-year follow-up study of 518 elderly individuals without dementia, Heijer and colleagues[@B9] found that the decline in the hippocampal volume paralleled or predicted the decline in long-term memory. After Bliss and colleagues[@B10] discovered the phenomenon of long-term potentiation (LTP) of the hippocampus, many studies have explored the role of synaptic plasticity in learning and memory, and the LTP of the hippocampus has been widely accepted as the neural mechanism of memory.[@B11]

Decrease in the volume of the hippocampus is a key indicator of hippocampal atrophy.[@B12] Many clinical studies about memory now include assessment of hippocampal volume, thanks to the rapid development of neuroimaging technology.[@B13],[@B14] Using the coronal T1 weighted magnetic resonance imaging (MRI), Du and colleagues[@B13] found reduced volume of the hippocampus among individuals with MCI compared to those with normal cognitive functioning; 70% of the individuals with MCI could be correctly identified based on hippocampal volume. Previous studies reported that the volume of the right hippocampus is usually larger than that of the left hippocampus,[@B15],[@B16] but few studies have investigated the functional differences between the left and right hippocampus. To assess the relationship of hippocampal volume to cognitive changes in healthy elders, the current study used MRI to explore the association of bilateral hippocampal volumes with multiple cognitive domains among community-dwelling elder adults without cognitive impairment.

2.. Methods {#s7}
===========

2.1. Participants {#s7a}
-----------------

Data used in this report are from the baseline data of a previously published intervention study.[@B17] As shown in Figure 1, all participants were community dwelling elders living in a neighborhood located in the Putuo District of Shanghai. From March 2008 to April 2008, 674 elders were recruited by local neighborhood committees using posters and radio broadcasts. Eligible participants (a) were 65 to 75 years of age; (b) had no severe physical or mental illnesses; (c) were able to live independently; (d) had no disability, and no difficulties in hearing,vision or communication; (e) had at least one year of formal education; and (f) had an education adjusted normal score on the Chinese version of the Mini-Mental State Examination (MMSE)[@B18],[@B19] (\>14 for those who had not finished primary school; \>19 for those who completed primary school; or \>24 for those who had graduated from middle school). Exclusion criteria included: (a) obvious cognitive decline; (b) a diagnosis of AD; or (c) major medical conditions such as cancer, current chemotherapy, or current radiation treatment. Among the 455 eligible elders,185 declined to participate in the cognitive assessment. The remaining 270 elders signed the consent form for the cognitive assessment and 193 completed the cognitive assessment; 65 of these individuals subsequently completed the MRI scan.

![Identification of participants](sap-26-05-280-g002){#sap-26-05-280-g002.tif}

2.2. Assessment tools {#s7b}
---------------------

### 2.2.1. Cognitive functioning {#s7ba}

The Chinese version of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS)[@B20], [@B21] was used to assess cognitive functioning. RBANS consists of 12 tasks (i.e. 12 items) that measure five domains of cognitive functioning: (a) immediate memory was measured using a list learning task (40 points) and a story memory task (24 points); (b) visuospatial and constructional ability was measured using a figure copy task (20 points) and a line orientation task (20 points); (c) language was measured using a picture naming task (10 points) and a semantic fluency task (40 points); (d) attention was measured using a digit span task (16 points) and a coding task (89 points); and (e) delayed memory was measured using a list recall task (10 points),a list recognition task (20 points),a story recall task (12 points) and a figure recall task (20 points).

The original scores (including the subscale scores and the total score) were transformed into scales with a theoretical range in scores from 40 to 160 using the corresponding percentage mapped on to the distribution of the RBANS scores from a previous study.[@B22] To facilitate comparison of subscale scores, each subscale score is separately scaled by age group to a mean of 100 with a standard deviation of 15; the sum of these five standardized subscale scores is then again adjusted to generate the total score with a mean of 100 and a standard deviation of 15. The Chinese version of the RBANS has demonstrated good reliability and validity among community-dwelling elders.[@B20] All four evaluators in this study were trained in the administration of the instrument using a standardized protocol. During the pilot phase of the project 7 of the evaluators rated 3 subjects using RBANS; the interrater reliability of the total score was satisfactory - the intraclass correlation coefficients (ICC) of the pairwise comparisons between raters were all greater than 0.75.

### 2.2.2. Magnetic resonance imaging (MRI) {#s7bb}

Structural MRI scanning was performed using the Siemens 3.0 T Trio Tim using the MPRAGE sequence. The parameters were set as follows: repetition time (TR)=1900ms, echo time (TE)=3.43ms, flip angel=9°, slice thickness=1mm without gap,matrix=256×256,scanning 160 slices for 5 minutes.

The MPRAGE data was processed using the Freesurfer 5.3.0 (<http://surfer.nmr.mgh.harvard.edu>) for Mac OS. The data processing took about 30 hours with over 30 steps including stripping, normalization, removal of non-brain structure, flattening and image reconstruction.[@B24] Upon completion of these data processing steps,the volumes of the left and right hippocampus were obtained.

2.3. Statistical analysis {#s7c}
-------------------------

SPSS software version 17.0 was used for data analyses. Volume difference of the bilateral hippocampus was calculated by subtracting the volume of the left hippocampus from that of the right hippocampus. Pearson correlation coefficient was used to estimate the correlation between the volume variables and cognitive measures. Considering previously reported sex differences in the hippocampal structures[@B25] and cognitive functioning,[@B26],[@B27] the analysis was stratified by sex. Multiple linear regression was used to estimate the association between hippocampal volume and cognitive functions after adjusting for age and the level of education.[@B28],[@B29],[@B30] The statistical significance level was set at *p*\<0.05 for all tests.

3. Results {#s8}
==========

3.1. Characteristics of study participants {#s8a}
------------------------------------------

All 65 elders included in the analysis were right-handed. There were 38 males and 27 females with a mean education of 10.1 (3.7) years. The mean volume of the right hippocampus (3962mm^3^, sd=535mm^3^) was significantly larger than that of the left hippocampus (3777mm^3^, sd=526mm^3^; t=5.33, *p*\<0.001). The overall correlation of the size of the left and right hippocampi was 0.80. The mean total score of the RBANS was 91.7 (14.6), ranging from 55 to 120. The mean score of the immediate memory subscale was 85.3 (15.0), that of the visuospatial and constructional ability subscale was 103.3 (14.8), that of the language subscale was 93.4 (11.2), and that of the attention subscale was 89.2 (17.0).

3.2. Bivariate analysis {#s8b}
-----------------------

As shown in Tables 1 and 2, the factors associated with specific cognitive functions are somewhat different in males and females. Age is not significantly associated with any of the cognitive functions assessed by the RBANS in males but in females it is significantly negatively associated with immediate memory, visuospatial and constructional ability,language,and delayed memory. Among males years of education is only significantly associated with visuospatial and constructional ability and with overall cognitive functioning while among females it is also significantly associated with immediate memory, language, and delayed memory. In males immediate memory,delayed memory, and overall cognitive functioning is positively associated with the volume of the left hippocampus; delayed memory is positively correlated with the volume of the right hippocampus; and none of the cognitive functions are significantly correlated with the difference in the volumes of the two hippocampi. In females immediate memory and overall cognitive functioning are positively correlated with left hippocampus volume; there is a non-significant trend (*p*=0.54) of a positive correlation between delayed memory and left hippocampal volume; delayed memory is positively correlated with right hippocampus volume; and attention is negatively correlated with the difference in volumes of the right and left hippocampi.

###### 

Correlations of Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) scores with age,educational levels and hippocampal volumes among 38 healthy males 65 to 75 years of age

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Measures                 age     years of\   volume of the left\   volume of the\      difference in volumes\                                                 
                                   schooling   hippocampus           right hippocampus   (right-left) of the two\                                               
                                                                                         hippocampi                                                             
  ------------------------ ------- ----------- --------------------- ------------------- -------------------------- ------------- ------- ------------- ------- -------
  Immediate memory         -0.05   0.748       0.30                  0.069               0.36                       **0.025**     0.30    0.068         -0.13   0.423

  Visuospatial and\        -0.12   0.480       0.47                  **0.003**           0.26                       0.110         0.19    0.246         -0.15   0.366
  constructional ability                                                                                                                                        

  Language                 0.30    0.068       0.30                  0.071               0.01                       0.950         -0.01   0.935         -0.06   0.738

  Attention                0.11    0.497       0.31                  0.056               0.21                       0.207         0.18    0.282         -0.06   0.714

  Delayed memory           -0.15   0.371       0.32                  0.054               0.59                       **\<0.001**   0.56    **\<0.001**   -0.05   0.777

  **Total score**          0.00    0.990       0.43                  **0.007**           0.36                       **0.026**     0.31    0.057         -0.10   0.541
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Correlations of Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) scores with age,educational levels and hippocampal volumes among 27 healthy females 65 to 75 years of age

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Measures                 age     years of\   volume of the left\   volume of the\      difference in volumes\                                            
                                   schooling   hippocampus           right hippocampus   (right-left) of the two\                                          
                                                                                         hippocampi                                                        
  ------------------------ ------- ----------- --------------------- ------------------- -------------------------- ----------- ------ ----------- ------- -----------
  Immediate memory         -0.58   **0.002**   0.67                  **\<0.001**         0.43                       **0.025**   0.36   0.064       0.05    0.821

  Visuospatial and\        -0.39   **0.047**   0.44                  **0.022**           0.29                       0.139       0.32   0.109       0.04    0.830
  constructional ability                                                                                                                                   

  Language                 -0.50   **0.008**   0.54                  **0.004**           0.30                       0.130       0.04   0.860       0.16    0.414

  Attention                -0.05   0.795       0.07                  0.731               -0.08                      0.691       0.06   0.780       -0.44   **0.021**

  Delayed memory           -0.48   **0.012**   0.47                  **0.012**           0.36                       0.054       0.49   **0.010**   0.05    0.790

  **Total score**          -0.46   **0.017**   0.67                  **\<0.001**         0.47                       **0.013**   0.31   0.114       -0.08   0.704
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------

3.3. Adjusted association between RBANS scores and hippocampal volumes {#s8c}
----------------------------------------------------------------------

Six multiple linear regression models were constructed for the total RBANS score and for each of the five RBANS subscale scores. All models included the five potential independent predictors of cognitive functioning: age, gender,years of formal education,volume of right hippocampus,and volume of left hippocampus. As shown in Table 3,after adjusting for all five factors, years of formal education was significantly associated with the total RBANS score and with each of the five RBANS subscale scores. Age and gender were not independently associated with any of the assessed cognitive measures. With the notable exception of the RBANS attention subscale score,the volume of the left and right hippocampi were not significantly associated with any of the other cognitive measures. After adjusting for age,gender,and years of formal education, larger left hippocampus volume was significantly associated with better scores on the RBANS attention subscale and smaller right hippocampus volume was associated (at the trend level) with better scores on the RBANS attention subscale (*p*=0.059).

###### 

Multiple linear regression of factors associated with cognitive functions measured by Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) among 65 healthy community-dwelling adults 65 to 75 years of age

  ------------------------------------------------------------------------------------------------------------------------------------------------
                                              regression\         SE     standardized regression\   *t*     *p*           adjusted *R*^2^\      
                                              coefficient (*B*)          coefficient (Beta)                               (p-value)             
  ------------------------------------------- ------------------- ------ -------------------------- ------- ------------- --------------------- --
  *Immediate memory*                                                                                                      **0.119 (0.028)**     

  Female gender                               4.66                3.76   0.16                       1.24    0.221                               

  Age in years                                -0.07               0.59   -0.02                      -0.13   0.901                               

  Years of formal                             education           1.09   0.51                       0.27    2.15          0.035                 

  Volume of left hippocampus                  0.01                0.01   0.26                       0.99    0.325                               

  Volume of right hippocampus                 0.00                0.01   0.00                       0.02    0.988                               

  *Visuospatial and constructional ability*                                                                               **0.236 (\<0.001)**   

  Female gender                               -3.62               3.46   -0.12                      -1.05   0.300                               

  Age in years                                -0.60               0.54   -0.14                      -1.12   0.270                               

  Years of formal education                   1.74                0.47   0.43                       3.74    **\<0.001**                         

  Volume of left hippocampus                  0.00                0.00   0.11                       0.44    0.660                               

  Volume of right hippocampus                 -0.00               0.01   -0.03                      -0.12   0.900                               

  *Language*                                                                                                              0.038 (0.201)         

  Female gender                               4.78                2.93   0.21                       1.63    0.109                               

  Age in years                                0.71                0.46   0.23                       1.55    0.126                               

  Years of formal education                   0.82                0.39   0.27                       2.09    **0.041**                           

  Volume of left hippocampus                  0.00                0.01   0.06                       0.24    0.813                               

  Volume of right hippocampus                 -0.00               0.01   -0.06                      -0.25   0.803                               

  *Attention*                                                                                                             **0.152 (0.011)**     

  Female gender 0.57                          4.19                0.02   0.14                       0.893                                       

  Age in years 0.22                           0.65                0.05   0.33                       0.74                                        

  Years of formal education                   1.58                0.56   0.34                       2.81    0.007                               

  Volume of left hippocampus                  0.02                0.01   0.58                       2.31    0.024                               

  Volume of right hippocampus                 -0.01               0.01   -0.45                      -1.92   0.059                               

  *Delayed memory*                                                                                                        **0.341 (\<0.001)**   

  Female gender                               6.20                3.71   0.18                       1.67    0.100                               

  Age in years                                -0.28               0.58   -0.06                      -0.49   0.627                               

  Years of formal education                   1.39                0.50   0.30                       2.80    **0.007**                           

  Volume of left hippocampus                  0.01                0.01   0.24                       1.08    0.286                               

  Volume of right hippocampus                 0.01                0.01   0.21                       1.03    0.307                               

  ***Total score***                                                                                                       **0.261 (\<0.001)**   

  Female gender                               3.03                3.37   0.10                       0.90    0.372                               

  Age in years                                -0.07               0.53   -0.02                      -0.14   0.893                               

  Years of formal education                   1.72                0.45   0.44                       3.82    **\<0.001**                         

  Volume of left hippocampus                  0.01                0.01   0.32                       1.37    0.176                               

  Volume of right hippocampus                 -0.00               0.01   -0.08                      -0.35   0.728                               
  ------------------------------------------------------------------------------------------------------------------------------------------------

Given the high correlation in the volume of the right and left hippocampi it is possible that inclusion of both volumes in the regression model obscures their relationship to cognitive functioning. When we repeated the six models only including either the right hippocampus volume or the left hippocampus volume three other significant associations emerged: both the left and right hippocampal volumes were significantly associated with delayed memory (Beta=0.434, *p*\<0.001; Beta=0.400, *p*\<0.001,respectively), and the left hippocampal volume was significantly associated with the RBANS total score (Beta=0.253, *p*=0.048).

Finally six more multiple regression models were assessed in which the two variables representing the volumes of the right and left hippocampi were replaced with one variable that represents the difference in size of the two hippocampi. The only significant association identified was with attention. After adjusting for age, gender, and years of formal education, the smaller the difference in the volume of the two hippocampi the better the score on the RBANS attention subscale score (Beta=-0.250, *p*=0.044).

4.. Discussion {#s9}
==============

4.1. Main findings {#s9a}
------------------

Consistent with previous studies,[@B28],[@B29],[@B30] we found that age and education were correlated with cognitive functioning. The relationship between years of education and cognitive functioning was evident in both men and women, but within the relatively narrow age range considered in this study (65 to 75) age was significantly correlated with cognitive functioning in women but not in men. Similar to previous studies in other countries,[@B15],[@B16] we also found larger right hippocampal volume than left hippocampal volume among healthy adults between 65 and 75 years of age.

The relationship between the hippocampus and memory has been extensively documented. The left hippocampus plays an important role in episodic and autobiographic memory while the right hippocampus is more important for spatial memory.[@B31] The right hippocampal volume was positively correlated with delayed memory in both men and women, the left hippocampal volume was positively correlated with immediate memory in both men and women, and the left hippocampal volume was also positively correlated with delayed memory in both men and women (though the correlation in women was only at the trend level \[*p*=0.054\]).

After adjusting for age,gender,and years of formal education (the strongest predictor of all cognitive functions assessed), both left hippocampal volume and right hippocampal volume were significantly associated with delayed memory, but not with immediate memory. More interestingly, in the multivariate model the difference of the right and left hippocampal volumes is negatively associated with attention; the univariate analysis indicated that this relationship is stronger in women than in men. This suggests that among nondemented elder adults, the greater the difference in the volume of the two hippocampi the poorer the attention. Future studies are needed to repeat this finding and to explore the underlying mechanism.

4.2. Limitations {#s9b}
----------------

The accuracy and validity of the assessment of hippocampal volume is critical for studies like this.[@B14] Manual segmentation is considered the gold standard for measuring hippocampal volume, but it is very time consuming and requires extremely well-trained investigators to achieve high precision. In this study,we used Freesurfer to obtain the automated volumetric measure of the hippocampus. It is simple,fast,and free of human intervention, so it is more replicable than other methods. However the application of automated methods for assessing hippocampal volume is still controversial.[@B32]

Several factors may affect the external validity of the study. The sample was relatively small,limited to a relatively narrow age range (because the main cognitive training study was focused on persons 65 to 75 years of age), and only included a small proportion of all identified community members who met the inclusion and exclusion criteria for the study. Moreover, the study was cross-sectional so no causal relationships between cognitive functioning and the associated factors is warranted. Finally, the relatively small R2 values for the six regression models (ranging from 0.038 to 0.341) indicate that only a small proportion of the total variance in the cognitive measures assessed was explained by the variables considered (age, gender, years of formal schooling,and hippocampal volume).

4.3. Significance {#s9c}
-----------------

The measurement of the hippocampal volume using MRI has contributed to the diagnosis and etiology of neuropsychiatric disorders including Alzheimer's disease, Parkinson's disease, and major depression. Exploring the association of hippocampal volume and cognitive function can provide valuable information for the prevention and treatment of cognitive impairment among elderly adults. Longitudinal studies with larger sample sizes are needed to further unravel the role of bilateral hippocampal volumes in cognitive functioning.
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